In this paper, based on the ideology of "unified theory", the theoretical calculation equations of ultimate flexural capacity for concrete filled elliptical steel tube members (CFEST) around long and short axes are derived and compared with and verified by finite element simulations. Modified equations are then proposed for practical applications on the basis of the flexural capacity for circular concrete filled steel tube members. Under the guidance of "unified theory" and parametric analysis, the simplified practical calculation equations of capacity for CFEST members under eccentric compression are obtained, and mechanical behavior of a series of CFEST members with different section dimensions is conducted using finite element analysis.
INTRODUCTION
In the framework of "unified theory" proposed by Zhong [1] , the concrete filled steel tube (CFST) can be considered to be one unified material, on which the unified capacity is based rather than the simple superposition of capacity of concrete and steel tube. In other words, the unified compressive strength can be expressed by one parameter y sc f , which incorporates the effect of the concrete-steel interaction. According to ultimate balance theory, the ultimate flexural bending capacity is derived for CFEST members around strong and weak axes. Then the theory is modified and amended with the help of finite element simulation results, and simplified equations are obtained for ultimate flexural bending capacity for CFEST members. 
FINITE ELEMENT SIMULATION OF CFEST FOR COMPRESSIVE AND FLEXURAL MEMBERS
A general-purpose finite element software ABAQUS is used for simulating CFEST members. Solid elements are used for both steel tube and concrete, and the nodes are tied together, i.e. no sliding.
The concrete damaged plasticity model is employed for concrete material. The concrete axial compressive stress-strain relation is shown in Figure 1 , and the mathematical equation of expression can be described as follows. More details can be found in GB50010 [2] The axial tensile stress-strain relationship is based on energy criterion of concrete, i.e. softened stress-fracture energy relation and the stress-strain curve is shown in Figure 2 , with the mathematical equation of expression described as follows. f G and t0
 are concrete fracture energy (the energy required to cause one continuous crack per unit area), and failure stress respectively. Axial stress-strain relation of steel is shown in Figure 3 , and the mathematical expression can be described as follows ： 1 0.6
where, and the details can be found in Han [3] . In order to verify the accuracy of the finite element model, concrete filled steel circular tube for eccentric compression is simulated using finite element in Chen et al. [4] and Yu and Ding [5] , and the simulation results agree well with the test results, see Liu [6] .
THE FLEXURAL BEHAVIOR AROUND THE LONG/WEAK AXIS OF CONCRETE FILLED ELLIPTICAL STEEL TUBE

Theoretical Equation Derivation of Flexural Bending Capacity around Long Axis
All the derivations in this paper are limited to uniaxial bending only. The stress distribution of CFEST at limit state, and the cross section dimensions are shown in Figure 5 . When the member is at limit state, the section stress distribution is as shown in Figure 5 . According to static equilibrium, the location of neutral axis can be determined, i.e. y0 (distance of the section centroid to neutral axis). 
As the tension strength of concrete is ignored in the above derivation, the actual limit bending capacity will be larger than calculated by Eq. 4. By comparison with finite element analysis results, the bending capacity of CFEST can be approximately expressed as follows:
From Eqs. 4, 5, 6, we know that the factors affecting the limit flexural capacity for CFEST are mainly steel strength, concrete compressive strength and member section shape. In order to verify the applicability of the theoretical Eq. 5 to 7, a total of 77 finite element models are established and the results are compared with those from the equations, with an average of 1.004 and variance of 0.0008 , see Liu [6] .
Practical Equation of Flexural Bending Capacity around Long Axis
Comparison of theoretical results and finite element simulation results indicates that the limit state equilibrium based limit state flexural capacity for concrete filled steel tube can be reasonably used to calculate the limit flexural capacity. However, the solution procedures are quite complex and not applicable to practical engineering. With finite element analysis results, an equation of flexural bending capacity around long axis for practical purpose is obtained as follows:
where m is cross section plastic development coefficient sc W is modulus of the combined section k is confining adjustment factor，when around long axis，
The comparison of finite element simulation results and Eq. 8 shows that an average of 1.017 and variance of 0.004, see Appendix 2 and also Liu [6] . Compared with Eq. 7, Eq. 8 gives a relatively little larger value, but the equation form is simplified, which is more suitable for practical engineering.
THE FLEXURAL BEHAVIOR AROUND THE SHORT/STRONG AXIS OF CFEST [7-9]
Theoretical Derivation of Flexural Bending Capacity around Short Axis
The stress distribution of CFEST at limit state, and the cross section dimensions are shown in Figure 5 . y 0 is the distance of the section centroid to neutral axis. 
According to the location of neutral axis based on Eq. 10, the limit bending moment capacity can be obtained by taking moment about the neutral axis contributed by tensile stress and compressive stress： 
By finite element analysis, the bending capacity of CFEST can be approximately expressed as follows:
The theoretical results are compared with those from finite element simulations, with an average of 1.003 and variance of 0.0003, see Liu [6] .
Practical Flexural Bending Capacity around Short Axis
Comparison of theoretical results and finite element simulation results indicates that the limit state equilibrium based limit state flexural capacity for concrete filled steel tube can reasonably used to calculate the limit flexural capacity. However, the solution procedures are quite complex and not applicable to practical engineering. With finite element analysis results, an equation of flexural bending capacity around long axis for practical purpose is obtained as follows:
where m is cross section plastic development coefficient sc W is modulus of the combined section k is confining adjustment factor，when around short axis，
The comparison of finite element simulation results and Eq. 17 shows that an average of 0.993 and variance of 0.006, see Appendix 3 and also Liu [6] . Compared with Eq. 16, Eq. 17 gives a relatively little smaller value, but the equation form is simplified, which is more suitable for practical engineering.
INTERACTION EQUATIONS OF ECCENTRIC COMPRESSION CAPACITY FOR CFEST MEMBERS [9-11]
The actions of compression and bending moment on compressive and flexural member may be caused by different loads, i.e. pressure and bending moment can be two independent variables. For the one-way compressive flexural/bending structures, there are mainly three different loading paths, as shown in Figure 7 [3] . In this paper, loading pathⅡis adopted for finite element simulation of concrete filled elliptical steel tube, and the main concern is to analyze the concrete filled elliptical steel tube behavior with different cross sections and under different eccentricities. 
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